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History of population studies

vScattered mark-recapture estimates 
prior to early 1990s

vIntensive marking and sampling in 
LCR during early 1990s

vVery spotty sampling from 1995 to 1999
vModerately intensive sampling from 

2000 to present



There is uncertainty about current 
adult abundance, but most data 
sources indicate a strong declining 
trend

Mark-recapture population estimates:
Catch-per-effort indices:
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Humpback Chub (TL >=200 mm) Trammel Net CPUE in the LCR Inflow Reach (RM 57 - 68) 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

O
ct

-9
0

Fe
b-

91

Ju
n-

91

O
ct

-9
1

Fe
b-

92

Ju
n-

92

O
ct

-9
2

Fe
b-

93

Ju
n-

93

O
ct

-9
3

Fe
b-

94

Ju
n-

94

O
ct

-9
4

Fe
b-

95

Ju
n-

95

O
ct

-9
5

Fe
b-

96

Ju
n-

96

O
ct

-9
6

Fe
b-

97

Ju
n-

97

O
ct

-9
7

Fe
b-

98

Ju
n-

98

O
ct

-9
8

Fe
b-

99

Ju
n-

99

O
ct

-9
9

Fe
b-

00

Ju
n-

00

O
ct

-0
0

Fe
b-

01

Ju
n-

01

O
ct

-0
1

Fe
b-

02

Ju
n-

02

Date

C
PU

E 
(F

IS
H

/H
ou

r)

Closed Population and Stock Assessment Model Estimates of Abundance for the Little 
Colorado River Population of Humpback Chub.  
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The only indicator that previously 
suggested stable population size was 
trammel net catch per effort; recent data 
show this indicator declining as well

Humpback Chub (TL >=200 mm) Trammel Net CPUE in the LCR Inflow Reach (RM 57 - 68) 
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There are two kinds of mark-
recapture estimates
vClosed population: use short-term marking 

and recapture sampling to estimate local 
abundance in one area, e.g. mainstem or 
LCR; none have been done for the whole 
system at once

vOpen population: use long-term data to 
estimate survival and recruitment rates along 
with abundances (observations of fish tagged 
in previous years contribute to estimation of 
status in any one year)



Now we mainly rely upon mark-
recapture estimators rather than 
catch-per-effort trend indices
vPopulation estimates are based on a 

ratio assumption:

vCapture probabilities are estimated 
from recoveries of marked fish

)_(
)_(
yprobabilitcapture

caughtnumberN =



Estimates of the current adult (age 4+) 
population range from under 2000 to over 
4000, depending on assumptions about 
survival rates

Closed Population and Stock Assessment Model Estimates of Abundance for the Little 
Colorado River Population of Humpback Chub.  
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Each variation on the mark-recapture 
method gives us quite tight limits on 
population estimates, but the methods 
do not agree on those limits…

Probability distributions for Age 4+ adult 
population in 2002, alternative models
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Two factors greatly complicate the open 
population mark-recapture analysis, and cause 
methods to disagree about precise numbers

v Size-dependent seasonal and developmental 
movement between the LCR and the mainstem
(spawning runs, juveniles joining adult runs)

v Size/age dependent survival rates
Annual survival vs apparent age
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Mark rate patterns indicate that adults 
sampled in the mainstem near the LCR are not 
a distinct population (same marks and mark 
rate pattern as in the LCR; a waste of scarce 
monitoring resources to do separate estimates)

LCR and Mainstem Mark Rate
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We believe that bias in some 
estimators has been caused by our 
inability to assign accurate ages (and 
hence accurate recapture and survival 
probabilities) to fish at the time of 
tagging.  By simulating the sampling 
process, we find that inaccurate age 
assignment is likely to cause upward 
bias in both survival rate and 
abundance estimates



There are complex seasonal and age 
patterns in capture probabilities

Seasonal change in age pattern of vulnerability to 
recapture
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Tracking cohorts of tagged fish shows that 
older fish may start to “skip spawn”, reducing 
their capture probabilities in LCR sampling

Recaptures of fish tagged in different years, 
standardized (divided) by number of fish tagged 

that year and by annual capture probabilities

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1988 1990 1992 1994 1996 1998 2000 2002 2004

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

Simple die-off patterns when all 
fish included:

Recaptures of fish tagged in different years, 
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More complex, jumpy patterns 
when only older fish are 
included:



We can back-calculate recruitments prior 
to 1990 from “age” composition of fish 
captured in the early 1990s

age 1989 1990 1991 1992 1993
2 3 3 96 95 236
3 73 29 650 463 1398
4 66 77 465 228 428
5 32 90 273 194 139
6 12 49 236 145 80
7 11 27 212 142 82
8 16 21 157 126 58
9 30 24 163 164 78

10 41 28 156 175 71
11 31 26 147 157 95
12 25 28 132 175 99
13 29 21 101 181 85
14 15 21 78 141 72
15 24 22 55 88 46
16 21 18 54 72 33
17 7 8 33 31 21
18 6 6 23 32 25
19 1 6 8 21 15
20 1 6 11 17 6
21 1 7 8 13 10

1981 recruits

Fish marked by age and year:

Calculation based 
on inverse of 
survival rate to age



Back-calculation indicates long-term 
recruitment decline, possible recruitment 
peak in late 1970s or early 1980s (flood 
flows?)

Summary of Recruitment Estimates (Age 2 Abundance) 
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Summary
v Low recruitments over the past decade imply 

that the population will continue to decline 
for at least a few more years, and may 
stabilize at around half its present level

vWe are very confident about the estimates 
and predictions of trend, despite uncertainty 
about the exact numbers of fish present in 
any past year

v Reversals in trend due to experimental 
management will be detectable, but only 
after at least 5 years of monitoring



Tag Location Total Tagged 30MI LCR LCRIN UGG BAC SHM SHMIN STEPH-CONQ MGG KAN KANIN HAV HAVIN BLOHAV Total Recaped
30MI 34 16 1 0 0 0 0 0 0 0 0 0 0 0 0 17
LCR 11779 1 12032 766 3 0 0 0 0 0 0 1 2 0 0 12805
LCRIN 1158 0 883 257 0 0 0 0 1 1 0 0 1 0 0 1143
UGG 43 0 2 0 2 0 0 0 0 1 0 0 0 0 0 5
BAC 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SHM 18 0 0 0 0 0 2 1 0 0 0 0 0 0 0 3
SHMIN 47 0 0 0 0 0 0 15 0 0 0 0 0 0 0 15
STEPH-CONQ 32 0 0 0 0 0 0 0 3 1 0 0 0 0 0 4
MGG 181 0 0 0 0 0 0 1 1 75 0 0 0 0 0 77
KAN 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
KANIN 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HAV 42 0 1 0 0 0 0 0 0 1 0 0 13 1 0 16
HAVIN 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BLOHAV 8 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4

Total 13354 17 12919 1023 5 0 2 17 5 79 0 1 16 1 4 14089

RED is Downstream Movement
YELLOW is Upstream Movement
Grey is "no movement"

Recapture Location

30MI Lees Ferry to 30 Mile aggregation
LCR In Little Colorado River
LCRIN Little Colorado River Inflow (rm 57-68.5)
UGG "Upper Granite Gorge" (rm 70 - 92.3)
BAC In Bright Angel Creek
SHM In Shinumo Creek
SHMIN Shinumo Creek Inflow (rm 108 - 109)
STEPH-CONQ Stephen - Conquistador Aisle (rm 114 -125)
MGG Middle Granite Gorge (rm 125 -129)
KAN In Kanab Creek
KANIN Kanab Creek inflow (rm 142 -143.5)
HAV In Havasu Creek
HAVIN Havasu Creek inflow (rm 155 - 157)
BLOHAV Below Havasu Creek



Each estimator appears quite precise in terms of 
statistical measures of error limits, but these 
limits are meaningless when we cannot decide 
whether to trust the assumptions used in deriving 
the estimator

Posterior Distributions of Annual 4+ Abundance
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